Most of consultation work only involves a small area, especially for slope mapping studies. The objective of this study is to evaluate the accuracy of slope mapping results from different altitudes at semi-undulated area and undulated area. Multi-rotor UAV is used as an instrument for data acquisition for this study. The images of slope were captured from five different altitudes in the same study area. All images were processed using photogrammetric software to produce digital elevation models and digital orthophoto. In this study, slope map from all different altitudes were identified and recorded for analysis purposes. It was found that the accuracy of slope is increase when altitude is increase. In conclusion, the condition of slope such as semi-undulated and undulated area did have an influence on the slope accuracy.
INTRODUCTION
Unmanned aerial vehicle (UAV) has been developed a few decades ago and many studies on UAV were conducted based on many kinds of UAV systems. There are many different UAV systems available in the open market (Dunford et al., 2009; Schmale et al., 2008; Frank, 2009; Grenzdorffer et al., 2008) . The examples of UAV components are on-board GPS, autonomous chipset, altimeter sensor, wind speed sensor, inertial navigation sensor and electronic speed controller (Mondragon et al., 2010) . The price of UAV system is usually based on the component gadgets installed on the UAV main board. There are two types of UAV system available in the market, namely; fixed wing and rotary. Fixed wing has the same design concepts with manned aircraft, including main wing, elevator, rudder, flaps, and aileron for movement purposes. Rotary has almost the same design concepts with helicopter except it is designed with single rotor or multi rotors. A rotary UAV system with single rotor has the same structure with a manned helicopter while rotary with multi rotor has more than one motor (Lin et al., 2011; David et al., 2009; Zhang et al., 2012) . Fixed wing UAV needs momentum energy to move from one point to the next point, while rotary UAV can lift up or hover, stay still in one position and landing on a computer or operator commands. Based on the previous studies, the advantage of fixed UAV is, it can fly up to thousand kilometres based on its specifications (Laliberte and Rango, 2009; Falkner and Morgan, 2002; Lo et al., 2010; Wolf and Dewitt, 2004) . A fixed wing aircraft can be landed by computer or the operator, its advantages are it can stay a lot longer and cover more area than rotorcraft. The wind can impact operations for both fixed wing and rotorcraft (Adolf and Hirschmuller, 2011) . Fixed wing can provide just as high resolution data as rotorcraft. Both systems can be adjusted to provide the desired overlap and side lap of imagery (Cesetti, et al., 2011; Robert and Maxine, 2011) . Nowadays, many researchers around the globe have tested different kinds of sensor that can be carried by UAV system (Nagai et al., 2009) . This sensor includes a multispectral, SAR, thermal, hyperspectral and LiDAR. These sensors were produced by related companies where the size and weight of these sensors has been compacted and it is suitable for UAV payload. UAV system can be classified in term of size, weight, payload, endurance hour, range and altitude.
Slope mapping has been explored in many regions in the world. Slope instability has frequently occurred in humid tropical countries due to the weather and environmental condition. Slope failure can occur anywhere without prior alarm. Most of the slope failures occurred at man-made slopes and natural slopes depending on the slope gradient. Previously, many techniques have been applied in monitoring slope such as satellite images, Lidar data, GPS observation and aerial photogrammetry (Nagai et al., 2009; Tahar, 2013; Eisenbeiss, 2009; Lin, 2008) . Slope failure always occurred at unstable ground because of the changes of ground movement speed in a short period. The development in an area has shifted a natural movement of the ground in the area. There are many factors that can cause slope failure. One of the main factors of slope failure is underground water that flows in the unstable ground. Many researches have been carried out to monitor this problem such as assessment of slope stability, mapping of a slope risk area and in situ measurement of the prone area (Tahar, 2012) . Recently, UAV technology has become increasingly popular and useful to solve problem in many applications such as slope mapping (Andrea et al., 2011; Laliberte and Rango, 2009) . UAV also promises rapid data acquisition with lower cost as well as lesser time and labour.
In this study, the rotary UAV system is used for data acquisition. The UAV system is known as Hexacopter XL UAV because this rotary UAV system has six rotors. Hexacopter XL can carry payload up to 1.5 kilograms and it is suitable for this study where the camera only weigh about 500 grams. Moreover, this UAV system can fly autonomously and can return to the first point if any emergencies occurred during a flight mission (Baoping et al., 2008; Nagai et al., 2009) . The reasons of this UAV system was selected are because it is stable, less vibration and able to capture sharp images during a flight mission (Hai et al., 2010; Mitch and Salah, 2009; Tahar and Ahmad, 2011) . The vibration of Hexacopter UAV which is caused by rotors was absorbed by the intelligent camera mount. In addition, the intelligent camera mount able to auto correct the camera to face at nadir view. In general, aerial photogrammetric work needs the aerial images with less distortion to increase the end results. The aim of this study is to evaluate the accuracy of photogrammetric results taken from five different altitudes. This study only captured at very low altitude for instance 80 metres, 70 metres, 60 metres, 50 metres and 40 metres. The study area also covers the flat area, semi-undulated area and undulated area. The accuracy of the photogrammetric results was assessed using root mean square error.
METHODOLOGY
The methodology can be divided into five phases, namely phase 1, phase 2, phase 3, phase 4 and phase 5. Phase 1 is about preparation stage which includes selection of the study area and selection of UAV and camera. Phase 2 is about UAV flight preparation which includes UAV and camera calibration while phase 3 is a data acquisition at five different altitudes using a multi-rotor. Phase 4 is the image processing and results and phase 5 is the analysis section. Figure 1 illustrates research methodology for this study. 
Site Study
The site of this study is located at latitude 1⁰ 33' 39" and longitude 103⁰ 39' 13". The size of the study area for Hexacopter study is about 200 metres by 400 metres. The study area is situated in the new development area. The reason of this study area was chosen because the study area has varied terrain. This location also is suitable for UAV studies because it has sufficient space for UAV launching and landing. Figure 2 shows the location of the study area. 
UAV system
Hexacopter XL UAV system is used as a tool for aerial image acquisition. Hexacopter XL UAV has six rotors where three rotors rotated in clockwise and three rotors rotated in counter- clockwise. This UAV system is equipped with the autonomous system, GPS system, electronic speed controller and three axis accelerometer system. The Ground Control Station (GCS) is used to control the UAV while the transmitter simply is a relay of command between the GCS and the UAV during hovering and landing, to switch camera mount position, to trigger the camera on and off and to hold UAV altitude. An operator is responsible on each switch available on the transmitter. A digital camera is attached at the camera mount which is located at the bottom of the UAV. The specification of Hexacopter and camera Sony NEX-5N are shown in Table 1 and Table 2 respectively. In this study, the hovering and landing task was done by operating in manual mode. An operator is required during landings to ensure that the UAV lands without incident. Autonomous flight mission uses specific software to navigate the UAV based on a predefined set of waypoints. The Hexacopter XL UAV is using MK Tool software (HiSystem GmbH, 2008) for autonomous flight mission. Each UAV system has its own flight control software and it depends on the navigation chipset installed on the UAV system. In this case, Hexacopter XL UAV uses Mikrokopter navigation chipset and it is suitable for MK Tool Software. The communication between the GCS and the UAV were established using radio modem with a specific frequency.
Camera and UAV Calibration
This study was conducted self-calibration method for camera calibration. The camera was calibrated using a calibration plate which has a dimension of 0.4 metres x 0.4 metres. This plate consists of 36 screws with different heights and the screws were arranged in a matrix form of 6 x 6 units. Each of the screws was fitted with a retro-reflective target. A scale bar was also placed on the calibration plate to provide scale to the image in a photograph. The image of the calibration plate is acquired at different locations. After the images have been acquired, they were processed by using calibration software known as Australis (Photometrix, 2006) . This software is capable to process the acquired images and it also provides parameter information of the camera. The image of the calibration plate was captured from four different positions; two portrait views and two landscape views. The convergence method of image acquisition was utilized and it requires a different angle of the camera position in capturing the calibration plate. It is important to ensure that the distance between the camera and calibration plate for every location of the camera is approximately the same. The angle of capturing image must be maintained at every camera position.
Bundle adjustment method processes the final value for all parameters of the camera. The camera calibration parameters include focal length (c), principal points (x p , y p ), radial lens distortion (k 1 , k 2 , k 3 ), tangential lens distortion (p 1 , p 2 ), affinity (b 1 ) and scale factor (b 2 ) (Remondiono and Fraser, 2006) . In this study, all parameters were used in the interior orientation processing. The camera calibration results are described in Table 3 . Hexacopter UAV is fully assembled with electronic board and sensor. These sensors should be calibrated before a flight mission to avoid any incident during the mission. The related sensors are gyro sensor, barometric sensor, compass / magnetic sensor. Gyro sensor is responsible in maintaining the stability of UAV during flight mission. Three axis accelerometer need to be calibrated namely automatic correct for yaw, pitch and roll movement. The detailed calibration for Hexacopter can be found at http://www.mikrokopter.us/media/?sa=item;in=866.
Data Acquisition: Flight Planning for Hexacopter UAV (Rotary-wing UAV)
Typically, there is only one person is charge during a flight mission. An operator is responsible to ensure that the Hexacopter UAV hovers safely during the flight mission and also monitor the Hexacopter UAV through the GCS during the flight mission. Figure 3 shows the general step starting from the reconnaissance until the landing operation. In many survey works, site reconnaissance is the most important step because it provides roughly the idea of the study area. In this study, the condition of the study area was explored before the flight mission in order to find the best location for the hovering and landing of UAV during the flight mission. The location of hovering and landing usually requires 10 meter radius. After that, a ground crew station searched for the base image of the study area by using MKToolsmaps software. Then, the base image is opened in a software known as MKTool software. MKTool software is a flight control software that can generate waypoints for UAV during flight mission. All waypoints are sent to the UAV navigation control via radio modem. Next, an operator examined the UAV physical condition to ensure that it
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W4, 2015 International Conference on Unmanned Aerial Vehicles in Geomatics, 30 Aug-02 Sep 2015, Toronto, Canada is fit to fly. An operator operated the UAV (lift up) until it reached the required altitude. When the UAV reached the required altitude, the operator can change the UAV mode to autonomous. In the autonomous mode, Hexacopter UAV received input from laptop via radio modem. The UAV has flown based on the starting waypoints until the end of waypoints. In this study, all missions were programmed for auto landing. However, an operator must be alert at all time to avoid any accident during the flight mission. 
Data Pre-Processing and Processing
In this study, Photomod software (Racurs, 2004 ) is used to process images from the Hexacopter UAV. In general, Hexacopter UAV is used to capture images from an altitude of 40 metres, 50 metres, 60 metres, 70 metres, 80 metres at the same study area. Aerial image acquisition of Hexacopter UAV was conducted on March 2012. In this study, Hexacopter UAV images were used to carry out three different processing to determine the effect of GCP that was established from different RTK-GPS techniques. There were five different processing obtained for different altitude. Figure 4 illustrates the spatial location of 4 GCPs and 15 checkpoints (CPs) in the study area.
Figure 4. Spatial Location of GCPs and CPs
UAV raw images were downloaded into a computer after a flight mission is completed. Each image was saved as a JPEG file. The quality of images was checked before they were used in the processing stage. Some of the images might have some quality problems such as blurred image and colour balancing error which were caused during flight mission. These problems usually arisen from the attitude of the UAV during flight mission. However, in this study, all acquired images were of good quality and they were proceeded for the photogrammetric processing. As usual, all acquired images need to go through all photogrammetric operations such as interior orientation, exterior orientation, aerial triangulation and bundle adjustment.
GCP is used for the determination of exterior orientation parameters which include three spatial location of the camera position in space (X o , Y o , Z o ) and three rotational parameters (ω, Φ, κ). The GCP is also utilised to link the tie points to the reference coordinate system used. The GCPs are established using RTK-GPS, which required about 2 minutes observation if the satellite configuration is in good condition. CPs was used to check on the accuracy assessment of photogrammetric results of the study area. After both orientations are carried out, then aerial triangulation process is executed. Aerial triangulation is responsible to link or establish a precise and accurate relationship between the individual models. Furthermore, aerial triangulation also coordinated points on the ground by using a series of overlapping aerial photographs. Accuracy assessment of aerial triangulation process can be defined by using root mean square error (RMSE). There are two main photogrammetric results produced in this study, namely DEM and digital orthophoto. These products are explained in the results and analysis chapter.
Data Analysis and Accuracy Assessment
Hexacopter UAV was used to obtain aerial images in the specific slope area which involved only a small area. The study area of Hexacopter UAV experimentation is limited to 400 metres by 200 metres. The experiment studied the effect of photogrammetric results acquired from different flying height, i.e. 40 metres, 50 metres, 60 metres, 70 metres and 80 metres. The accuracy assessments were conducted using root mean square error.
RESULTS AND ANALYSIS
The maximum flying height altitude is set based on the limitation of the Hexacopter UAV in which it allows to fly until 80 metres above the surface level due to the local regulatory issue. The minimum flying is set based on the slope condition in the selected study area where altitude 40 metres above surface level is the safe flying height for Hexacopter due to the building and facilities height at the study area. The analyses of photogrammetric results for each altitude were assessed in this study. Figure 5 illustrates the examples of orthophoto and DEM at the study area. Table 4 , the maximum RMSE value for ground control points X coordinate is +1.116m (50m) and the minimum RMSE value is +0.488m (80m). The maximum value for ground control points Y coordinates is +0.779m (50m) and the minimum RMSE value is +0.306m (70m). The maximum value for ground control points Z coordinates is +2.029 (50m) and the minimum RMSE value is +0.170m (80m). The maximum RMSE value for ground control points XY coordinates is +1.361m (50m) and the minimum RMSE value for XY coordinates is +0.679m (70m). The tabular data for ground control points are represented in the graph shown in Figure 7 . Referring to Figure 7 , the graph of RMSE for ground control points produced from UAV images are captured at different altitudes. This graph shows the RMSE results for X and Y coordinates are not significant, but Z coordinates display a huge range for different flying height. However, the difference between X and Y coordinates is about +0.6 metres while Z coordinate is about +1.7 metres. The maximum RMSE value for checkpoints X coordinate is +0.738m (50m) and the minimum RMSE value is +0.311m (70m). The maximum RMSE value for checkpoints Y coordinate is +1.105m (50m) and the minimum RMSE value is +0.450m (80m). The maximum RMSE value for checkpoints Z coordinate is +5.468m (40m) and the minimum RMSE value is +2.490m (80m). The maximum RMSE value for checkpoints XY coordinates is +1.373m (50m) and the minimum RMSE value is +0.647m (70m). The tabular data for the checkpoints are represented in the graph shown in Figure 8 . Five different altitudes and 15 checkpoints were used to assess the accuracy of photogrammetric results. Figure 8 . Graph of RMSE for Checkpoints (Different Altitude) Figure 8 shows the graph of RMSE for checkpoints produced from UAV images captured at different altitudes. This graph shows the same graph pattern for every altitude, but huge difference for Z coordinate. However, the difference between X and Y coordinates is about +0.2 metres while Z coordinate is about +2.9 metres. The results appear less accurate at larger scales (lower altitudes) due to the surface condition. The study area covers with the various slope angles which affect the results due to the lens limitation. Figure 9 shows the contour lines pattern obtained from different altitudes; 40m, 50, 60, 70m and 80m. All contour lines have an interval of one metre and it has been automatically generated by using ArcGIS software. The main source of these contour lines was obtained from DEM for each altitude. It can be observed that contour lines for 40m and 50m are almost 95% same while at altitude 60 m and above, the contour line pattern started to change. 
DISCUSSIONS

Qualitative Assessment of Contours
Quantitative Assessment of Slope Attributes
In these experiments, the comparison of slope attribute at different altitudes was plotted in one graph. Figure 10 illustrates the slope attributes for different altitudes according to the slope class. Figure 10 shows that the slope attribute for different flying height is not significant, but it has the same pattern. The range percentage of slope attribute for 'gentle slope' class is about 22%, for 'moderate slope' class is about 4%, for 'steep slope' class is about 7% and for 'very steep' slope class is about 11%. In these experiments, slope attributes using the conventional method was used as a benchmark or reference for the slope attributes studies. The comparison of slope attributes at different altitudes and slope attributes using the conventional method were plotted in Figure 11 .
Based on Figure 11 , slope attributes for the 'gentle slope' class recorded at 80m altitude, which is equal with the conventional method and the 'very steep slope' class recorded 40m and 50m altitude which is equal with the conventional method. A comparison of the slope attributes at different altitudes and slope attributes using the conventional method was plotted in Figure 11 . The other analysis is the assessment of slope attributes which is also based on different slope classes. The slope attributes were
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CONCLUSIONS
Hexacopter UAV acquired aerial images from five different altitudes. This study proves that the micro UAV (weight less than 5kg) which comprise of Hexacopter UAV was successfully used to acquire digital aerial image of slope area. Moreover the UAV images were successfully processed to produce slope map of the real site study area with highly accurate results. In this study, the error distributions for each coordinate for slope mapping references have been identified. Easting and northing coordinates offer a better result compared to height coordinate. Therefore, it can be concluded that the UAV can be used for slope mapping studies, especially for acquiring slope data. It is recommended that, the comparison between LiDAR and Terrestrial Laser Scanner with UAV is explored to determine the cost, accuracy and time taken to complete a mapping project. This study has potential in slope mapping study, especially for developing area which requires frequently updated map. Finally, it can be concluded that the UAV could be used for large scale mapping as demonstrated in this study.
